Although clinical and immunological studies have shown a possible link between allergy and idiopathic nephrotic syndrome (INS), the nature of the relationship remains unclear. Asthma is the most common chronic allergic airway inflammation. However, no study has used a longitudinal design with a population cohort to investigate INS in children with asthma. Methods: Using nationwide claims data from 2000 through 2007, we randomly selected 251,698 asthma cases and 1,006,791 frequency-matched controls. Incidence rates of INS and hazard ratios (HRs) were calculated. results: The INS incidence was 3.36-fold greater in the asthma cohort than in the nonasthma control (9.26 vs. 2.76 per 100,000 person-years; 95% confidence interval (CI): 2.65-4.26). The HR for INS increased for those with more asthma-related medical visits per year, from 1.49 (95% CI: 1.06-2.11) for <3 visits to 15.7 (95% CI: 11.5-21.5) for ≥6 visits (trend test, P < 0.0001). The HR for INS slightly decreased during the follow-up period, from 3.41 (95% CI: 2.66-4.38) for ≤5.5 y to 2.90 (95% CI: 1.33-6.30) for >5.5 y. conclusion: We conclude that children with asthma had an increased incidence rate of INS, and increased incidence rate correlated with asthma-related medical visits. i diopathic nephrotic syndrome (INS) is among the most common chronic kidney diseases occurring in childhood (1). Numerous studies have associated INS with allergy risk of clinical and immunological features (2-11). In the 1950s through the 1970s, few anecdotal reports described patients who developed INS after allergic reactions to inhaled allergens, vaccinations, food, or insect stings (2-5). Since 1970, several case-control studies revealed that elevated serum IgE and atopic diathesis were more common in children with INS than non-INS controls (9, (11) (12) (13) (14) (15) (16) (17) . Recently, levels of T helper 2 (Th2)-associated cytokine such as interleukin (IL)-4 and IL-13 were found to be elevated in relapsing INS patients (18-21). Children with INS commonly have elevated serum levels of immunoglobulin E (IgE), which also plays a central role in allergic inflammation (11) (12) (13) (14) (15) (16) . Although clinical and immunological studies have shown a possible link between allergic diseases and INS for 50 y, human epidemiologic study using a large cohort to investigate the relationship between these disorders are lacking (2-11). Asthma is one of the most common allergic disease in childhood, affects a multitude of patients worldwide (22). It is unknown whether childhood onset asthma would increase the subsequent risk of INS. Therefore, we conducted a nationwide, population-based cohort study to examine the hypothesis that asthma may have positive influence on the development of INS in children.
i diopathic nephrotic syndrome (INS) is among the most common chronic kidney diseases occurring in childhood (1) . Numerous studies have associated INS with allergy risk of clinical and immunological features (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . In the 1950s through the 1970s, few anecdotal reports described patients who developed INS after allergic reactions to inhaled allergens, vaccinations, food, or insect stings (2) (3) (4) (5) . Since 1970, several case-control studies revealed that elevated serum IgE and atopic diathesis were more common in children with INS than non-INS controls (9, (11) (12) (13) (14) (15) (16) (17) . Recently, levels of T helper 2 (Th2)-associated cytokine such as interleukin (IL)-4 and IL-13 were found to be elevated in relapsing INS patients (18) (19) (20) (21) . Children with INS commonly have elevated serum levels of immunoglobulin E (IgE), which also plays a central role in allergic inflammation (11) (12) (13) (14) (15) (16) . Although clinical and immunological studies have shown a possible link between allergic diseases and INS for 50 y, human epidemiologic study using a large cohort to investigate the relationship between these disorders are lacking (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Asthma is one of the most common allergic disease in childhood, affects a multitude of patients worldwide (22) . It is unknown whether childhood onset asthma would increase the subsequent risk of INS. Therefore, we conducted a nationwide, population-based cohort study to examine the hypothesis that asthma may have positive influence on the development of INS in children.
RESULTS
A total of 251,698 subjects in the asthma cohort and 1,006,791 in the nonasthma cohort were enrolled in this study ( Table 1) . Most (67.6%) of the subjects were aged ≤5 y. The asthma cohort had more boys (59.4%), residents of highly urbanized areas (59.8%), and white-collar parents (64.6%). Figure 1 illustrates the INS-free survival rate of the asthma cohort compared with that of the nonasthma cohort. The INS-free survival rate (Figure 1a , log-rank test P < 0.0001) was significantly lower in the asthma cohort in the nonasthma cohort. The incidence of INS was 3.36-fold greater in the asthma cohort than in the nonasthma cohort (9.26 vs. 2.76 per 100,000 person-years; Table 2 ). The incidence of INS decreased as age increased in the nonasthma cohort, whereas the incidence increased when age was <2 y or >12 y in the asthma cohort. As age increased, the HR for INS increased from 2.89 (95% CI: 1.87-4.47) for subjects aged ≤2 y to 5.59 (95% CI: 1.77-17.6) for those aged >12 y. A sex-specific analysis showed that the incidence rate of INS was greater for boys in both cohorts. Girls with asthma had a greater risk of INS than those without asthma (HR = 3.82; 95% CI: 2.59-5.64). The INS incidence decreased with urbanization in the asthma cohort. Urbanization leveland parental occupation-specific analyses showed that children with asthma had a significantly greater risk of INS than those without asthma. Table 3 shows the association between the frequency of medical visits per year for asthma and the incidence of INS. Compared with the nonasthma cohort, the
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Articles risk of INS in the asthma cohort increased from 1.49 (95% CI: 1.06-2.11) for those with ≤3 visits to 15.7 (95% CI: 11.5-21.4) for those with ≥6 visits (trend test, P < 0.0001). The risk was similar for both sexes. Asthmatic subjects with >6 medical visits had a significantly lower INS-free survival rate than the subjects in the nonasthma cohort (Figure 1b ; log-rank test, P < 0.0001). Table 4 presents the risk of INS stratified by median followup duration. The risk of INS was greater among subjects in the asthma cohort followed up for ≤5.5 y (HR = 3.41; 95% CI: 2.66-4.38), whereas the risk of INS slightly decreased (HR = 2.90; 95% CI: 1.33-6.30) among the subjects with a >5.5-y follow-up duration. However, the association between asthma status and follow-up period was not significant (P = 0.91).
DISCUSSION
To our knowledge, this is the first population-based cohort study to investigate the incidence and risk of INS among children with asthma and compare them with the nonasthmatic controls. The results suggest that children with asthma were more likely to develop INS regardless of sex, age, urbanization of living area, or parental occupation. The annual incidence of NS in children in the United States and in Europe has been estimated to be 1-7 per 100,000 children (1, 23) . The present study revealed an incidence rate of 2.76 of 100,000 personyears in the nonasthma cohort and a significantly increased incidence rate of 9.21 of 100,000 person-years in the asthma cohort. Although the definition of INS in current study was based on ICD9 codes, not on histopathology findings, the incidence rate of INS was comparable to previous results. In addition, the incidence rate ratio increased with more medical visits for asthma and school-age children with asthma.
In the current study, the incidence rate of INS decreased as age increased in nonasthma controls, that ranged from 3.53 per 100,000 person-years for children aged ≤ 2 y to 1.89 per 100,000 person-years for children aged >12 y. As the peak incidence of childhood INS is known between 2 and 6 y of age, this was reflected by the higher incidence rate of INS in the younger children in the nonasthma controls. In contrary contrast, the incidence rate ratio (HR) of INS increased as age increased in the asthma cohorts compared to nonasthma controls, that ranged from 2.89 (95% CI: 1.87-4.47) for children aged ≤ 2 y Articles Wei et al.
to 5.59 (95% CI: 1.77-17.6) for children aged >12 y. This result may be explained as follows. Asthma is currently considered a heterogeneous disease (24) . Three main phenotypes have been identified in childhood asthma, including transient wheezing, nonatopic wheezing, and IgE-mediated wheezing (allergic asthma) (24) . Transient wheezing phenotype typically begins in early infancy and resolves between the ages of 3-5 y when their lung function improves. This phenotype is not commonly associated with atopy. Nonatopic wheezers wheeze during the first decade of life in association with respiratory viral infection, independent of allergic sensitization. This phenotype usually presents with less severe and less persistent wheeze. Only IgE-mediated wheezing has been identified as the classic asthma phenotype (persistent asthma) with higher disease severity. The proportion of allergic asthma is higher in older children (school aged children) (24) . School aged children had a higher risk of INS, as allergic asthma is more prevalent in school-aged children, the higher prevalence of INS seen in this age group was therefore consistent with an association between INS and allergic asthma. In addition, we also found children with more asthma-related visits per year had greater risk of INS, which may reflect the association between INS risk and uncontrolled airway inflammation, more severe and persistent phenotype of asthma or more environmental triggers, such as allergen exposure or respiratory virus in asthma children (25, 26) . Moreover, greater risk of INS was observed within the first 5.5 y after asthma diagnosis. This may be explained as follows. First, childhood asthma may resolve over times, especially in phenotypes of transient wheezing and nonatopic wheezing. Second, older children have less frequency of viral respiratory tract infections. Third, the asthma related airway inflammation and respiratory symptoms may be controlled with adequate treatment over times. Overall, the implication of above findings suggests that a higher burden of clinically evident asthma symptoms is associated with the risk of INS. A possible link between INS and allergy has been reported for >50 y (2-10). Before 1970s, only anecdotal reports described patients who developed INS after allergic events to certain allergens (2-5). Since 1970, several case-control studies revealed that elevated serum IgE were more common in children with INS compared to normal controls (9, (11) (12) (13) (14) (15) (16) (17) 27 ). Subsequently, the levels of T helper 2-associated cytokines such as interleukin (IL)-4 and IL-13 were found to be upregulated in relapsing INS patients (19) (20) (21) . IL-4 and IL-13 are important in B-cell IgE isotype switching (28) , and IL-13 is also involved in the modulation of eosinophilic inflammation and recruitment of monocytes and T cells (28) . The release of IgE by B cells is a key step in the allergic inflammation cascade in allergic asthma (28) . Recently, minimal change disease (MCD) is proposed to be a podocyte disorder. Reiser et al. reported that CD80 (also known as B7.1), a receptor normally expressed on antigen-presenting cells (29, 30) , can be induced expression in podocytes which is associated with actin reorganization and the development 
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Articles of proteinuria (31, 32) . Then, Garin et al. found children with biopsy proven MCD expressed CD80 in their podocytes and excreted high levels of CD80 in their urine during active nephrotic syndrome (33, 34) . Following these results, they reported sera from MCD patients in relapse stimulates CD80 expression in cultured podocytes (35) . In addition, increased CD80 expression in podocyte, glomerular CD80 and urinary excretion of CD80 can be induced by polyIC, a Toll-like receptor 3 ligand, and were associated with proteinuria (36) . It implies the important role of CD80 in the pathogenesis of MCD. Asthma is a Th2-mediated disease (37) . Airway dendritic cells activate naive T cells to generate Th2 cells through costimulatory molecules, CD80/CD86, interacting with CD28 and cytotoxic T lymphocyte-associated antigen 4 after allergic triggers in the inception of asthma (37) (38) (39) . These common biologic mechanisms coexisting in both asthma and INS may partly explain the complex relationship between these two diseases.
Certain limitations should also be noted when interpreting our findings. Detailed information on clinical conditions (e.g., serum IgE level, severity of allergic symptoms, and environmental exposures) was not available. Furthermore, our study population included Chinese children; thus, our findings may not be generalizable to populations from other countries.
Conclusion
This population-based cohort study revealed a significantly increased incidence rate of INS in children with asthma. Further research is needed to explore the role of allergic diseases in the development of INS and to devise a potential strategy for diagnosis and therapeutic disease intervention.
METHODS

Data Sources
In this population-based, retrospective study, data were obtained from reimbursement claims of the universal National Health Insurance Research Database, which is maintained by the National Health Research Institute. We obtained claims data from 1998 through 2008 for all insured children in Taiwan and randomly selected 50% of these children for the study. Details regarding the data set were previously described (40) . The International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) was used to for diagnosis. Because of personal electronic data privacy regulations, the insurants' records are encrypted before being released to researchers; thus, informed consent was not required in this study. Although the identification information was scrambled, this study also received approval from the Institutional Review Board at China Medical University Hospital (CMU-REC-101-012).
Study Subjects
We identified patients aged <18 y with newly diagnosed asthma (ICD-9-CM codes 493 and 494) between 2000 and 2007 as the asthma cohort. Baseline was set as the date of asthma diagnosis. In this study, we used the method of "1: 4" matching to screen the control subjects, which can increase the statistical power and control the potential confounding. Hence, we randomly selected four nonasthmatic children for every asthmatic child using frequency matching by sex, age (in 1-y intervals), urbanization of residential area, parental occupation, and baseline year. To improve diagnostic accuracy and avoid overestimation of incidence, children with INS or asthma were defined as at least three records with respective ICD-9-CM codes in any diagnosis field of inpatient claims or ambulatory claims. Since renal biopsy is usually not indicated for first presentation of childhood INS and empirical steroid treatment can be considered prior to kidney biopsy and in our previous study (40) , the most common codings of children with INS was 581.9 (86.8%, unspecific pathologic lesion in kidney), and MCD (581.3). Therefore, INS was defined as ICD-9-CM code 581.3 and 581.9 in this study. Subjects with secondary nephrotic syndrome (NS), identified with an ICD-9-CM code 581.8, were excluded from the study. Subjects with a history of NS before baseline or those lacking information on age, sex, urbanization of residence area, or parental occupation were excluded. All subjects were followed up until INS diagnosis, death, loss to follow-up, withdrawal from the insurance system, or the end of 2008. HR, hazard ratio; IR, incidence rate, per 100,000 person-years. *P < 0.05; **P < 0.001. 
